There are advantages and limitations to using genetically heterogeneous stocks and selective breeding procedures in gerontological and healthspan research. Animal models that address complex systems of aging involve constraint or manipulation of genetic diversity. They derive from levels of genetic analysis ranging from molecular to quantitative and are relevant to levels of causal hierarchy from base sequences to complex multivariate phenotypes. For some research purposes control of the genotypic source of phenotypic variability by fi xation is desirable; others involve establishing genetic diversity or deliberately manipulating identifi ed genes or anonymous gene complexes to specifi cation. Genetic heterogeneity is essential or advantageous for multivariate description of complex phenomena, the examination of associations among variables, or manipulation of polygenic systems. This review concentrates on these latter quantitative requirements. Space limitations preclude a comprehensive review, but relevant sample references and some hints of historical perspectives are provided, with apologies to the many relevant authors not cited.
K nowledge of the nature of aging owes much to a very substantial body of data derived from the study of animal model systems. Because of convenience, economy, and the wealth of available biological information about them, there has been a concentration of research on rats and mice. Although a strong case can be made for the importance of broadening the phyletic base of gerontological knowledge (Austad 1993) , it is likely that these species will remain an important source of knowledge for the foreseeable future. Broadly described, these models variously involve stable, homogeneous genotypes, genetically heterogeneous stocks, and directionally manipulated genotypes. In the context of experimental design, the genes may serve as controlled variables, randomized variables, or independent, manipulated variables.
Inbred Strains
Perhaps the most extensively used control procedure has been the use of inbred strains. (We provide a brief summary as a basis for comparative evaluation of models generated by various mating regimens; for an in-depth discussion, we refer the reader to Yuan et al. 2011 in this issue.) Inbreeding involves the mating of relatives-in laboratory animals, usually siblings. The effect of mating a female with a brother is to increase the genetic similarity of the offspring relative to that of animals derived from random mating. Over successive generations, the level of homozygosity in likeallelic confi guration at all loci asymptotically approaches 100% (Falconer and Mackay 1996) . Another strain similarly derived will also be "isogenic" but for a different set of alleles.
With respect to genotype, inbreeding is not deliberately directional. It is important to stress, however, the natural selection of inbreeding depression: reproductive fi tness generally decreases as homozygosity increases, and a substantial proportion of nascent inbred strains terminate through early death, infertility, or impaired rearing, among other reasons. The roster of standard inbred strains must be regarded as select survivors of the inbreeding process and can hardly be considered representative of the species as a whole.
Furthermore, the attainment of near-complete homozygosity is no assurance of reduced phenotypic variance. Indeed, an active research area explores the increase in sensitivity of inbred strains to environmental effects due to their elevated level of homozygosity (see Petkov et al. 2005 for a description of constraints on distributions of alleles in functionally related genes).
In quantitative genetic analysis, individual differences among animals of a strain are attributed to environmental sources, which may be shared or nonshared among the subjects (despite rigorous experimental controls, animals can be differentially exposed to environmental subtleties: e.g., number of siblings in the cage, intrauterine implantation site, height of cage rack shelf, time of day of phenotype measurement, exposure to olfactory stimuli, handling trauma). Moreover, as discussed below, the effects of a particular environmental infl uence may vary depending on the genotype of the individual. Measurement error is also usually attributed to environmental interindividual variance.
The inbreeding process in its simplest application is unconcerned with any specific phenotype (except fitnessassociated traits); it concerns relatedness of mates only. Thus, after the requisite number of consecutive generations of inbreeding, the genotype approaches uniformity, but of an unknown confi guration (males differ from females in having a Y chromosome, of course, but, like other chromosomes, it will be genetically the same in all males in the strain).
The power of inbreeding is remarkable: it generates a (relatively) fi xed confi guration of a fundamental source of organismal individuality-the genotype-without the requirement of identifying, characterizing, or measuring any element of that genotype. The resulting uniformity has made possible a high degree of standardization with respect to genetics, both across laboratories and within laboratories across time.
Of course, this model of stability is subject to effects of mutation. Falconer and Mackay (1996) and Roberts (1967) provide details of quantitative genetics in general and of the process of inbreeding specifi cally; Silver (1995) presents nomenclature and descriptions of major contemporary strains as well as the history of strain origins. Strains have for decades played a leading role in basic genetic research as well as in extensive biomedical and agricultural applications.
The undeniable advantages of standardized genetic control offered by an inbred strain are accompanied by a restricted range of generalization. Yet conclusions from a single inbred strain are sometimes uncritically interpreted as characterizing all members of its species. As far as genetically infl uenced variation and covariation are concerned, however, the situation is comparable to that of generalizing to a human population from a sample of one. Indeed, Roberts (1967, 248) noted that "an inbred strain can be considered as a representative of one gamete only from the base population.… Any conclusions from such work should not be deemed to apply to the species at large without supplementary evidence."
Multiple Strains
One tactic to obtain such supplementary evidence is the examination of other inbred strains. A consistent result across a panel of different inbred strains will build confi dence in the generality of a particular outcome; an inconsistent one will prevent premature sweeping conclusions. Such a research strategy capitalizes both on the genetic uniformity within strains and on the genotypic differences among them, even if there is no specifi c evidence about the number, chromosomal location, or molecular identity of any of the involved genes.
Multiple strain comparisons offer vivid examples of the potentially powerful infl uence noted above of the strain "background" or "residual" genotype on the effect of any particular gene or environmental factor. An exemplar case of infl uence of such background on the effects of a single "disease" gene is that of Leiter and colleagues (1981) , who examined the diabetic symptom pattern displayed by mice homozygous for a mutation that occurred in a particular inbred strain. The authors established the mutant allele (recessive, identifi ed as db) in homozygous condition in seven other inbred strains and compared these animals to "normal" animals (homozygotes Db/Db and heterozygotes Db/db) within and across strains with respect to body weight, plasma insulin, blood sugar level, and mortality. The results were dramatic and classical: there were huge differences between strains in the overall values of control animals for all of the phenotypes, and the difference within strains between the "normal" controls and the homozygous recessive animals was enormous. Thus a single "disease" gene may or may not be accompanied by the symptoms of the disease depending on the genetic context.
Likewise, an environmental infl uence may be a function of the genotype of the recipient organism. In the context of research suggesting aluminum exposure to be a risk factor in the etiology of Alzheimer's disease, Fosmire and colleagues (1993) examined the effects of a high-aluminum diet in fi ve inbred mouse strains. Relative to matched strain mates on control diets, the high-aluminum diet resulted in an elevated brain level of aluminum in only one strain. If the research question concerned whether dietary aluminum can affect brain levels and only this particular strain had been selected for the research, the correct answer would ensue. If the question was whether dietary aluminum does (always) affect brain level, the same choice of strain would have given an incorrect conclusion. A disparity of results as in this case not only recommends modesty in claiming broad generality of results but also can indicate promising avenues for further exploration; for example, the availability of both susceptible and nonsusceptible strains invites study of blood-brain barriers or other mechanisms that might affect susceptibility.
Another striking result concerns the infl uence of caloric restriction on longevity. The life-extending effect of this treatment has long been regarded as highly reliable and dependable. In an examination of 41 recombinant inbred strains of mice (more on such strains below), Liao and colleagues (2010) observed that in some strains caloric restriction produced life extension, in about the same number the infl uence was life-shortening, and in others there was no appreciable effect.
Recently, of course, molecular genetic methods have made possible the detailed identifi cation of specifi c loci or of the whole genome of inbred strains as well as procedures such as the introduction of transgenes and targeted mutagenesis (Yuan et al. 2011) . Thus, for example, the comparison of standard control animals of an inbred strain to those of the same strain but with a single locus manipulation is likely to become more popular, particularly in reductionist exploration of the paths from genes to phenomena higher in the causal hierarchy ("reverse" genetics). This merger of classical and molecular genetics is full of promise. The exquisite control provided by these molecular methods does not, however, eliminate the restraint on generalization of single-strain results. Any fi nding on a single inbred background simply establishes that outcome as a possible one. It is not at all informative about the generality of the result, but may reveal new research opportunities.
F1 Hybrids
Matings between different strains produce F1 (fi rst "fi lial" generation) hybrid offspring, which have a greater allelic diversity than that of their inbred parents by virtue of being heterozygous for each autosomal locus for which the parent strains differ. F1s are also uniform with respect to their autosomal genes, but the males can differ with respect to their Y chromosome, depending on the strain of their male parent. (They may also display effects due to maternal mitochondrial genes and to other "parent of origin" characteristics identifi ed in recent epigenetics research.) A frequent research design involving F1 animals compares them to their parent strains. This design permits evaluation of effects of dominant inheritance, including the phenomena of inbreeding depression and of the "hybrid vigor" associated with differences in heterozygosity. Phelan and Austad (1994) have observed that F1 hybrids are often more biologically uniform than their inbred parents.
Genetic Heterogeneity
For much research using fi xed genotypes, the outcome is describable in terms of group mean differences, where the within-group variance is the source of the error term. As noted earlier, this variance is of environmental (or error) origin only and is thus limited in any investigation in which phenotypic variation or covariation is of central interest. For these latter purposes, groups that segregate at many genetic loci, display the effects of diverse genes, and allow both intralocus effects of dominance and interlocus interaction effects offer many strong advantages. Genetically heterogeneous stocks (HS 1 ) that are systematically derived and maintained provide many opportunities in agricultural and biomedical research-for use as normative groups, for parent-offspring heritability analyses, for quantitative trait locus (QTL 1 ) analyses, for any analyses involving hypotheses about correlations among phenotypes or the generation of multivariate constructs, and for phenotypic or genotypic selective breeding (as foundation stocks).
Although the merits of such heterogeneous stocks have long been recognized in many research domains, they have been underexploited in healthspan and gerontological research. A number of papers (McClearn and Hofer 1999; McClearn and Meredith 1964; Miller et al. 1999b; Phelan and Austad 1994) have restated the arguments (including some dissent; Festing 1999) for using appropriate genetically heterogeneous stocks in the study of aging. Because of a growing appreciation of the "complex system" attributes of developmental processes, and the consequent necessity of multivariate analytic procedures, these considerations will certainly make the use 1 Abbreviations used in this article: HS, heterogeneous stock(s); QTL, quantitative trait locus of heterogeneous stocks increasingly frequent in gerontological research.
There are some genetically heterogeneous stocks for which the founding "recipe" is not known but that may have many of the advantages of heterogeneity just described. Many have become standard features of research in different research domains and have yielded valuable amounts of reference and normative data. Chia and colleagues (2005) provide a detailed and critical review of the origins and uses of such mouse outbred stocks. However, it seems likely that the possibility of reconstituting the foundation stock from intermating of known standard inbred strains will be of special merit as new tools are developed and exploited.
F2 Crosses
Although all animals in an F1 have near-identical genotypes, they do not afford stability across generations. In the mating of a female and male from the same F1, each may provide the allele from either parent. Thus, there are three possible genotypes in the offspring of F1 × F1 matings for each locus for which the parent inbred strains had a different allele. Each member of the resulting offspring, the F2, will be genetically unique. If there are recurring needs for research animals of the F1 genetic confi guration, they must be generated anew by appropriate matings of the inbred strains. Thus F2s present neither genetic uniformity nor constancy across generations. However, relative to inbred strains, they offer enhanced genetic diversity within a generation and can provide relative constancy across generations, not of individual genotypes but of the group's allelic frequencies. For many purposes, this variability is no shortcoming but a strong virtue: the allelic diversity in a group of F2 animals makes them a better platform for generalization of research results than any single group of homogeneous genotype.
Recombinant Inbred Strains
Some of the merits of F2s and of inbred strains have recently been merged in the generation of recombinant inbred (RI) strains, which are produced by inbreeding a number of lines from a common genetically heterogeneous parent population. For example, numerous RI strains have been inbred from an F2 population derived from the C57BL/6 and DBA/2 inbred strains, whose allelic diversity is reshuffl ed into different confi gurations in the RI offspring. RI strains differ from each other within the limits provided by the initial gene pool diversity, but provide for relative genetic uniformity within strain and stability across laboratories and across time. Thus each strain has the same advantage of genetic uniformity and the same limitation of genetic uniqueness as all inbred strains, but collectively they present an array of standardized unique confi gurations of the genetic diversity of the two initial parent strains.
RI strains have recently featured in the identifi cation of QTLs. The molecular mapping of the mouse genome has made possible the identifi cation of chromosomal regions that are associated with variability in a phenotype of interest. These regions vary in size and may contain one or more as yet unidentifi ed genes affecting the trait. The nomination of QTLs is often an early step in exploring the causal chain back to the molecular level of the gene.
In a landmark application to aging, Vieira and colleagues (2000) explored the association of QTLs to longevity in Drosophila under differing environmental conditions of temperature or feeding. The result was an archetypical demonstration of gene-environment interaction, with many effective QTLs pertinent to only one environment and not others, in one sex but not the other, in different directions in the sexes, or in both sexes but in only one environment. In mice, Gelman and associates (1988) identifi ed six chromosomal regions associated with age at death in a sample of RI strains derived from C7BL/6 and DBA/2 inbred strains, and a recent project examined animals of another sampling of this RI panel as well as F2s from the same gene pool in a longitudinal study of diverse age-related variables (Lang et al. 2010) . In other studies researchers have identifi ed QTLs for blood pressure (Blizard et al. 2009 ), body length, weight, adipose mass, serum alkaline phosphatase, and structural and material properties of the femur and tibia (Lang et al. 2005) ; and the weight of soleus, gastrocnemius, tibialis anterior, and extensor digitorum longus muscles (Lionikas et al. 2006) .
The search for QTLs from RIs derived from an F2 can reveal the chromosome regions containing effective genes only if the original inbred parent strains of the F2 possessed different alleles for those genes. Clearly, restrictions pertain to generalization from single panels, so several panels of F2-derived RI lines are in use, with different F2 origins, making empirical confi rmation feasible. Furthermore, several projects have established the utility of seeking QTLs from the more heterogeneous gene pools of 4-way-cross mice (Miller et al. 1998; Turri et al. 2001 ) and rats (Fernandez-Teruel et al. 2002) as well as in other heterogeneous stock mice (Valdar et al. 2003) .
Increases in the use of RI strains for addressing complex genetic systems are promised by the Complex Trait Consortium (Churchill et al. 2004; Threadgill et al. 2011 ). The general availability of these strains for biomedical research should have a major infl uence in the near future on gerontological science (Chesler et al. 2008 ).
Heterogeneous Stocks
The demonstrated broad utility of F2 animals suggests that offspring with four rather than two grandparental strains would be even more satisfactory for many purposes. Recently, such 4-way-cross animals have seen increasing application in gerontological research (e.g., Miller et al. 1998 Miller et al. , 2002 Swindell et al. 2008 ; female parents of these 4-way animals were F1 offspring of a cross between BALB/c and C57BL/6 mice, and the males had C3H and DBA/2 parents). The versatility of the approach is illustrated by the fact that these authors addressed relationships between longevity and causal agency at the molecular genetic level (marker loci) and between longevity and biomarkers in putative causal pathways of gene infl uence (body weight, and IGF-1, serum leptin, and thyroid levels). In a further example, Harrison and colleagues (2009) used this 4-way-cross group for evaluating the life-extending effects of rapamycin.
Greater heterogeneity is provided by eight-way-cross groups, which have been extensively used in agricultural research. Two such stocks have been useful in studies of aging, health, and cognitive functioning. The (Boulder) HS (McClearn et al. 1970 ) has been used in longitudinal quantitative genetic analyses and multivariate analyses of a variety of biomarkers of aging from domains of behavior, immunology, physiology, and pathology (Heller et al. 1998; Strauss et al. 1992) , and colleagues (2002, 2005) used this stock to explore psychometric and multivariate aspects of cognitive functioning.
The (Northport) HS (Talbot et al. 2003) were experimental models (Valdar et al. 2006a ) in projects on fi ne mapping of QTLs pertinent to human disease and to a variety of immunological, biochemical, and hematological phenotypes. Huang and colleagues (2009) used the same HS to investigate transcript abundance, illustrating the potential for combining quantitative and molecular genetics.
The merit of heterogeneous stocks is clearly a function of the number of foundation strains. Also relevant is the number of generations since founding. Initially, there is advantage in an increasing number because the problem of spurious association due to linkage declines as the number of crossing-over events increases, providing enhanced precision in chromosomal location. Later, due to the pragmatically necessary limits of population size, the cumulative effects of inbreeding will have reduced allelic diversity, but this may be offset by the accumulation of normative data over generations.
Phenotypic Selective Breeding
A particularly valuable use of genetically heterogeneous stocks is as foundation stock for selective breeding programs. Methodologically speaking, much of quantitative genetics depends on associative research procedures in which strong theory permits the interpretation of correlations among relatives in terms of statistical behavior of hypothesized but anonymous groups of genes. Molecular genetic techniques permit the introduction, alteration, or elimination of the infl uence of specifi c identifi ed genetic loci. Selective breeding provides the researcher with the capability of directional manipulation of large genotypic complexes, even though the individual loci in the complexes may be entirely unknown.
Early Selective Breeding
Early humans used pragmatic selective breeding for food species with stupendous success. In terms of scientifi c research, selective breeding was critical for testing Darwin's theory of natural selection (Falconer 1992) . For more than a century it has been a major method in the application of quantitative genetic theory in agriculture, behavioral genetics, pharmacogenetics, biomedical genetics and many other domains, where it has generated research models of enormous power (Falconer and Mackay 1996;  for an overview of principles and applications of selective breeding to pharmacogenetic research, . Harrison and Roderick (1997) described opportunities awaiting selective breeding for aging research in mice; we address some of these areas in the next section.
Selective breeding assigns mates on the basis of similar values of a particular phenotype. In the simplest case, the objective may be to increase the level in the population of some desirable trait. At a rate dependent on the heritability and the extent to which the selected animals differ from their population average (the "selection differential"), the mean level of the phenotype will change over repeated generations. Many research purposes are best served by bidirectional selection, creating high and low lines for comparison with each other and with controls.
The resulting model systems are comprehensive, in the sense that all of the gene loci, structural or regulatory, segregating in the foundation population and capable of infl uencing the phenotype (within the limitations of sampling and inbreeding due to fi nite sample size) are distributed in alternative allelic form in the upward and downward selected lines. The phenotypic difference between the lines is due to differences in all of the many systems through which the genes operate and for which gene-infl uenced differences exist in the foundation population. Selectively bred lines are thus powerful research tools for testing hypotheses about the mechanistic routes from the level of the genes upward in the causal hierarchy through the proteome and metabolome to the gerontological phenotype of interest. 2 As just one example of the utility range of such a tool, Williams and colleagues (2004) identifi ed some 400 studies exploring the biochemical, biophysical, pharmacological, and anatomical attributes of two lines of mice selectively bred (from the Boulder HS) for high and low sensitivity to hypnotic doses of alcohol (McClearn and Kakihana 1981) and from their derivative inbred lines.
Uses of Selective Breeding in Aging Research
An exemplar of the power of selective breeding to produce model systems pertinent to aging and health is that of the panel of senescence-accelerated mouse (SAM) strains (Takeda 2009 ): senescence-acceleration prone (SAMP) and senescenceacceleration resistant (SAMR) strains, developed by selection and inbreeding, have contributed substantially to understanding of early-onset aging processes. An unorthodox feature of these strains is that the foundation stock had been designated "inbred." The individual differences in early senescence in this strain were so pronounced that the selection regime was initiated, with dramatic results. Clearly, the foundation strain was genetically heterogeneous from an unknown source and to an unknown extent.
The merit of selected lines is not restricted to analyses of associated traits. For example, they also constitute valuable test vehicles for assessing the effi cacy of proposed interventions to elevate or reduce the level of the primary selected phenotype or any of its covariates. A particularly engaging form of phenotypic selective breeding that addresses issues of environmental infl uence is that of genetic assimilation. An environmental manipulation is applied to a genetically heterogeneous population, and individuals with resulting like-extreme phenotypes are mated. Then the intensity of the manipulation is reduced and the procedure repeated. The outcome is the derivation of two lines, one with heightened and one with lessened sensitivity to the environmental infl uence. In the classical genetic assimilation studies on Drosophila by Waddington (1956) , the sensitive line eventually required no environmental manipulation for the phenotype to be present. Genetic assimilation has been closely examined in the context of evolutionary theory (Kaneko 2009; Minelli and Fusco 2010) and may have signifi cant potential for studies of environmental risk factors or therapeutic or preventive interventions in aging processes.
Another variant of phenotypic selection exerts selection pressure in the usual way but with the effect of a hypothesized component of the mechanistic network controlled. Thus, mates may be selected to produce high and low offspring with respect to an age-related biomarker but with the requirement that there be no mean difference in the two lines with respect to (for example) oxidative stress. Failure to achieve separation between the lines in the primary phenotype would suggest a crucial (necessary?) mechanistic role for the controlled variable. Success would indicate that the network of the primary variable is neither suffi cient nor necessary and would provide a model system for the study of the aging determinants other than those associated with the controlled variable.
Signifi cant attributes of complex systems can rarely be captured by single variables but require composite multivariate measures. For example, Galsworthy and colleagues (2002) described a fi rst principal component of variables from six cognitive tasks to characterize general learning ability in HS mice. Other multivariate indices with attractive prospects include canonical correlations that provide the composite of measures with the highest stability across longitudinal measurements, discriminant functions that maximally distinguish between specifi c genotypes, and cluster analyses assigning individuals to groupings based on several phenotypic measures.
Genotypic Selective Breeding
Genotypic selective breeding involves the mating of animals with specifi c alleles of loci known or hypothesized to affect the phenotype to produce research models according to genotypic specifi cation. In contrast to models generated by phenotypic selection, which involve the entire complex network of mechanisms in contrasting confi gurations, genotypic selection generates groups that are distinguished by only those aspects of the mechanistic network that are downstream from the specifi c selected locus or loci, thus enabling focused evaluation of a subsection of that network.
Genotypic selection has long been used in the development of congenic strains, through the placement of a particular gene or chromosomal region (or combinations of such genes) by successive backcrossing on differing inbred strain backgrounds. Advances in molecular genetics now provide an unprecedented roster of candidates for this procedure and QTL methods enhance this capability by encompassing the loci of a known chromosomal location but unknown molecular identity. This method was promoted by Harrison and colleagues (1995) under the concept of "allele capture by selection for fl anking markers," and Bennett and Johnson (1998) used the application to assess QTLs for hypnotic sensitivity to ethanol to generate "speed congenics."
Genotypic selection is also effective for placing specifi c genetic material on a heterogeneous background. Examples of this usage include the confi rmation or rejection of QTLs nominated for infl uence on alcohol-related processes in mice (Geraghty 1998; Tarantino et al. 1998) .
Genotypic selection also offers a powerful capability to assemble panels of genes and/or QTLs in any specifi able combination to study the interactions of the constituent elements of a complex determinative system. Advantages of genotypic selection over phenotypic selection in this context are the availability of results (for one or a few genes or QTLs) in a single generation and the ability to reconstitute the lines at any time. The lines require maintenance by consecutive-generation breeding only as long as necessary for a particular research purpose. If the need reappears after termination of the lines, or in another laboratory, the lines can be assembled in their specifi able confi guration within a few generations. In contrast, with conventional selection a terminated line is gone forever.
Models generated by genotypic selection will not replace conventional phenotypically selected lines but will be a powerful complement to them. It is therefore easy to predict that genotypic selection will become a primary method for the tailoring of animal models for gerontological research.
Selective Breeding and Lifespan Variables
The research strategy in generating tools to specifi cation by phenotypic selective breeding is to breed for line differences in the target phenotype, and compare the resulting lines for "correlated characters" hypothesized as mediating, intervening, and mechanistic variables in the genome, proteome, or metabolome. But there is a challenge to the use of this approach in gerontological and healthspan research: many of the most relevant phenotypes are measurable only in late life or at the end of life, past the possibility of reproduction of the selected animals. Harrison and Roderick (1997) suggested one solution: a form of family selection, mating individuals on the basis of the lifespans of their grandparents.
Temporal constraints suggest the utility of selecting directly for one or more correlated (and presumptive causal) characters at an early age and relating them to the late-life measures of interest. For example, Luckinbill and Clare (1985) and Rose and Charlesworth (1981) generated extensively studied Drosophila lines by selecting for late fecundity. A key to success with this strategy is accurate identifi cation of biomarker variables of youth that have predictive value for late-life phenomena. Numerous measures have been thus identifi ed, but developmental considerations suggest that such long-term effects cannot be assumed. An approach with multivariate indices might provide maximum predictive value from early-life measurements. One generation of animals could provide from a panel of early life measurements the multivariate index that maximally predicts lifespan, which could then be the selected phenotype.
Summary
It is clear that there is no one "best" model (Sprott 1997) and that the optimal model or combination of models depends on the circumstances. The diversity and effi cacy of the research tools provided by the genetic sciences offer underexploited and powerful opportunities. Heterogeneous stocks and selective breeding permit the assembly of model systems that:
(1) scramble alleles (i.e., those that are polymorphic in the founding parent strains) in order to provide normative groups, vehicles for assessment of complex correlational relationships, and foundation stocks for selective breeding; (2) concentrate alleles that are relevant to a particular phenotype into contrasting groups of animals-one with all of the increasing alleles and one with all of the decreasing alleles-in order to provide material for the investigation of the total mechanistic network through which the phenotypic differential is accomplished; and (3) concentrate confi gurations of alleles of specifi c loci (or QTLs) in order to permit examination of the dynamics of a subset of the mechanism that is causally downstream from those loci.
